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METHOD AND APPARATUS FOR INCREASING ACCURACY FOR LOCATING 
CELLULAR MOBILE STATION IN URBAN AREA 

[0001] This application is a continuation of international patent application no. 
PCT/CN01/01163, filed July 9, 2001, designating the Unites States of America, the entire 
disclosure of which is incorporated herein by reference. Priority is claimed based on Chinese 
patent application no. 01105807.2, filed March 30, 2001. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method and apparatus for increasing the accuracy 
for locating cellular mobile station in an urban area. 

BACKGROUND OF THE INVENTION 

[0003] Federal Communications Commission of USA (FCC) requires cellular mobile 
communication systems to be capable of locating mobile stations and explicitly specifies that 
in the case of assistant measurement of a mobile station, the probability of locating error being 
less than 50 meters be greater than 67% and the probability of locating error being less than 100 
meters be greater than 95%. According to FCC regulations, dedicated technical specifications 
(25.305 and 25.395) are set down for locating a mobile station in emerging 3G mobile 
communication systems. Specification 25.395 requires explicitly assistant measurement 
capability of 3G mobile stations, which is necessary for locating capability. In addition, to 
ensure measurement performance, specification 25.305 puts forth a unique "Idle Period of 
Down Link" (IPDL) mode. However, because Non-Line-Of-Sight (NLOS) transmission paths 
exist ubiquitously in urban areas, there are severe NLOS errors in TDOA (time difference of 
arrival) measurement in urban areas, thus it is difficult to achieve the locating accuracy 
required by FCC in urban areas. 

[0004] In urban areas, except for a few LOS paths, such as paths 103, 104 and 105, NLOS 
transmission paths exist almost ubiquitously between mobile stations and base stations, such as 
NLOS paths 106 and 107 in Fig. 1, and they are the primary reason for mobile station locating 
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errors, which may be as high as several hundreds or even several thousands meters, and are 
difficult to eliminate. 

[0005] Currently, there are mainly 2 approaches to decrease NLOS errors: 

1) Intensive measurement is carried out in the urban area where NLOS exists to 
obtain a large quantity of empirical data about the distribution of channel multi-paths 
(amplitude measurement corresponds to the special case of mono-path). Then the position of 
the mobile station is corrected on the basis of the empirical data. Such an approach that 
improves the accuracy of locating a mobile station in urban areas through traversal 
measurement to obtain an empirical database requires vast workload. Moreover, once the urban 
area environment changes (e.g., when buildings are added or removed), the database will 
become invalid. To keep the database adapting to the changes of an urban area, usually a large 
quantity of measurement has to be performed. 

2) Several locating reference points (e.g., transponders) are added in the urban area 
where NLOS exists to correct NLOS error of a mobile station according to the signal 
characteristics of those reference points. In US Patent 5,926,133, a method for increasing the 
accuracy for locating a mobile station is disclosed, as shown in Fig. 2. The basic idea of this 
method is to place some transponders in the area of a specified block 201 as an assistant 
locating apparatus 202 to improve accuracy for locating a mobile station. The basic principle of 
improving locating accuracy with the assistant locating apparatus 202 (the transponders) is: the 
signals sent from the mobile station 204 and the signals transmitted from nearby transponders 
202 are received at the base station through similar transmission paths. For each transponder, 
two locations are obtained: one is the location obtained through measuring (e.g., TDOA) the 
signals sent from the transponder and then through estimating of the location, and an NLOS 
error is included in the location; the other is the location measured accurately in advance. 
Through comparing the two locations, the NLOS error value may be obtained. An NLOS error 
vector may be created with NLOS errors of the transponders adjacent to the mobile station, and 
the NLOS error of the mobile station may be corrected on the basis of the NLOS error vector. 
Cable 203 is used to transfer data and provide power in order to enable the transponder to work. 
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Position 205 of the mobile station is estimated by the assistant locating apparatus under the 
influence of NLOS. The working process of the method described in the patent is: (1) 
determining the approximate location of the mobile station 204; (2) starting ambient 
transponders to determine the approximate locations of those transponders with the signals 
transmitted by them; (3) constructing an NLOS error vector with the approximate locations of 
those transponders; (4) correcting the approximate location of the mobile station with the 
NLOS error vector to obtain the accurate location of the mobile station 204. The advantages of 
the method are that it doesn't need any assistance from the mobile station, and that the method 
is suitable for locating mobile stations with up links, and can adapt to the environmental 
variations of urban areas by adding transponders. However, to ensure the correction accuracy 
of the NLOS error, transponders have to be configured with enough accuracy, which may result 
in increased network construction costs. In addition, in 3G communication systems, the 
location of a mobile station has to be determined through measuring TDOA for down link in 
the DPDLmode. However, the method and apparatus described in US Patent 5,926,133 cannot 
be used in the IPDL mode in 3G communication systems. 

[0006] The object of the present invention is to provide a method and apparatus for 
effectively increasing the accuracy for locating cellular mobile stations in urban areas, in order 
to improve the signal transmission environment in NLOS urban areas to keep the probability of 
NLOS transmission paths in urban areas similar to in suburban areas. 

SUMMARY OF THE INVENTION 

[0007] To attain said object, the method for increasing the accuracy for locating cellular 
mobile stations in urban areas comprises the following steps: (1) determining whether there is 
any synchronous measurement request: if yes, initiating the synchronous measuring 
management for the assistant locating apparatus (including open and close transmission of 
RTD measuring pilot frequency); otherwise going to the next step; (2) determining whether 
there is any locating request; if yes, determining the approximate location of the mobile station 
to be located with the time of arrival, TDOA, and sector information of the base station; 
otherwise repeating said steps; (3) determining whether to open or close the transmission of 
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locating pilot frequency from an adjacent assistant locating apparatus according to the 
approximate location of the mobile station; (4) if the assistant locating pilot frequency is 
opened, measuring the TDOA again, and then determining whether the measurement for the 
mobile station to be located is finished; if yes, closing the transmission of locating pilot 
frequency from the assistant locating apparatus; otherwise repeating the determination; (5) 
searching for and processing multi-paths and identifying NLOS paths according to the channel 
codes of the mobile station to be located, and requesting the assistant locating apparatus to 
report NLOS path identification result; (6) estimating the location of the mobile station with 
the measurement of assistant pilot frequency signals and NLOS path identification result to 
obtain a more accurate location of the mobile station. 

[0008] In the above method for increasing the accuracy for locating a cellular mobile 
station in an urban area, the transmission of assistant pilot frequency and transmission of RTD 
measuring pilot frequency are both carried out intermittently. 

[0009] In the above method for increasing the accuracy for locating a cellular mobile 
station in an urban area, the transmission of assistant pilot frequency and transmission of RTD 
measuring pilot frequency are both carried out in an independent transmission mode. 

[0010] To attain the above object, the assistant locating apparatus of the present invention 
comprises an air interface transmitting/receiving antenna, a transmitting/receiving unit B wired 
to the air interface transmitting/receiving antenna, and a channel-processing unit B wired to the 
transmitting/receiving unit B, wherein the assistant locating apparatus also comprises a 
locating measurement unit-oriented antenna that opens/closes the transmission of RTD 
measuring pilot frequency; a mobile station-oriented transmitting/receiving antenna that 
opens/closes the transmission of assistant locating pilot frequency; a transmitting/receiving 
unit A that is connected to the locating measurement unit-oriented antenna and the mobile 
station-oriented transmitting/receiving antenna via a first feed line and a second feed line, said 
transmitting/receiving unit A comprising a transmitting unit and a receiving unit, and said 
transmitting unit sending RF signals to the locating measurement unit-oriented antenna and the 
mobile station-oriented transmitting/receiving antenna independently through symmetric 
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circuits, and the channel-processing unit A controlling the transmission time and modulation 
mode of said RF signals, said receiving unit comprising an RF filter, a down frequency 
converter, and a multi-path receiver, said receiving unit being controlled by the 
channel-processing unit A and at the same time providing maximum ratio consolidation output 
and multi-path distribution output; a channel-processing unit A that mainly comprises a 
demodulating/decoding unit, an assistant locating pilot frequency or RTD measuring pilot 
frequency codes generating unit, an assistant locating pilot frequency transmission control unit, 
and a RTD pilot frequency transmission control unit; a LOS path identification unit that 
identifies LOS paths and NLOS paths according to the multi-path distribution of LOS paths 
and NLOS paths; a managing unit, which is responsible for communicating to the base station 
controller as well as controlling the LOS path identification unit, channel-processing unit A, 
and channel-processing unit B. 

[0011] In the above assistant locating apparatus, the first feed line is similar to the second 
feed line in length. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Fig. 1 shows the configuration relationship between the assistant locating apparatus 
for a mobile station and a cellular mobile communication system. 

[0013] Fig. 2 shows the configuration relationship of an existing system that uses 
transmitter. 

[0014] Fig. 3 is a diagram in which the base station controller controls the assistant 
locating apparatus for a mobile station according to the method of the present invention. 

[0015] Fig. 4 is a flowchart of the basic function of the assistant locating apparatus for the 
mobile station. 

[0016] Fig. 5 is a structure diagram of the function of the assistant locating apparatus for 
the mobile station. 
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[0017] Fig. 6 shows the time relationship between assistant pilot frequency sequence and 
IPDL sequence. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0018] Fig. 1 shows the configuration relationship between the assistant locating apparatus 
for a mobile station and the cellular mobile communication system, wherein the assistant 
locating apparatus is used only when the locating error resulted from NLOS exceeds the 
specifications for a mobile station to be located. Several base station 101 and buildings are 
distributed around the mobile station 113. Due to the blockage of those buildings, signals from 
at least some of the base stations (e.g., base station 1 or 2) cannot be transmitted to the mobile 
station 113 directly. To increase LOS in the area where the mobile station 113 is located, an 
assistant locating apparatus is added in Fig. 1. The assistant locating apparatus in Fig. 1 
comprises a RTD measuring antenna 109, an assistant locating pilot frequency transmitting 
antenna 110, an air interface antenna 114, a processor 115, and corresponding feed lines. 

[0019] In Fig. 1, the RTD measuring antenna 109 faces the locating measurement unit 
(LMU) 102 and keeps a LOS path to the LMU receiving antenna. The assistant locating pilot 
frequency transmitting antenna 110 faces the mobile station, and its installation location shall 
be selected based on the principle of acquiring the maximum direct-view area. Therefore, it 
usually is not deployed at the same location as the RTD measuring transmitting antenna. The 
air interface antenna 114 faces the base station (station 4). The assistant locating apparatus 
receives data from the base station controller via the antenna 114 and sends the data (e.g., 
NLOS identification result) required by the base station controller to the base station controller. 
However, it is noted that the air interface is not the only approach to implement the 
communication between the assistant locating apparatus and the base station controller. In 
fact, the base station controller may communicate with the assistant locating apparatus via a 
cable interface. 

[0020] As shown in Fig. 5, the assistant locating apparatus for the mobile station comprises 
a managing unit 501, a LMU-oriented transmitting antenna 505, a mobile station-oriented 
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transmitting/receiving antenna 506, a transmitting/receiving unit A 508, a channel-processing 
unit A 504, a LOS identification unit 503, an air interface transmitting/receiving antenna 502, a 
transmitting/receiving unit B 507, and a channel-processing unit B 5 1 1 , and the wiring among 
those components is shown in Fig. 5. In addition, the air interface transmitting/receiving 
antenna 502, the transmitting/receiving unit B 507, and the channel-processing unit B 5 1 1 may 
be replaced by cable interfaces. 

[0021] The managing unit 501 is responsible for communicating with the base station 
controller and for controlling LOS identification unit 503 and channel-processing unit A 504. 
For example, the managing unit 501 receives the channel code of the mobile station to be 
located transmitted from the base station controller and controls the channel unit A to search for 
the channel code and obtain multi-path distribution information of the channel code, and then 
controls the channel-processing unit A to send the multi-path distribution information to the 
NLOS identification unit. Finally, it retrieves the identification result from the NLOS 
identification unit, and then sends the result to the base station controller for NLOS error 
correction at an appropriate time. 

[0022] The LMU-oriented antenna 505 is connected to the transmitting/receiving unit A 
508 via the first feed line 509 to open/close the transmission of RTD measuring pilot frequency. 
The mobile station-oriented transmitting/receiving antenna 506 is connected to the 
transmitting/receiving unit A 508 via the second feed line 510 to open/close the transmission of 
assistant locating pilot frequency. To ensure the validity of RTD measurement, the difference 
of length between the first feed line 509 and the second feed line 510 shall be as small as 
possible (< 20m). 

[0023] The transmitting/receiving unit A 508 comprises a transmitting unit and a receiving 
unit, wherein the transmitting unit sends RF signals to antenna 505 and antenna 506 
independently through symmetric circuits. The channel-processing unit A 504 controls the 
output time and modulation mode of the RF signals. The symmetric circuit structure of the 
transmitting unit of transmitting/receiving unit A 508 to antenna 505 and antenna 506 ensures 
the consistency of delay. The receiving unit of transmitting/receiving unit A 508 comprises an 
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RF filter, a down frequency converter, and a RAKE receiver. Said receiving unit delivers 
maximum ratio consolidation output and multi-path distribution output simultaneously under 
the control of the channel -processing unit A 504. 

[0024] The channel-processing unit A 504 mainly comprises a demodulating/decoding 
unit, an assistant locating pilot frequency (or RTD measuring pilot frequency) code-generating 
unit, an assistant locating pilot frequency transmission control unit, and a RTD measuring pilot 
frequency transmission control unit. 

[0025] The LOS identification unit identifies LOS and NLOS paths according to the 
characteristics of multi-path distribution (e.g., compared with LOS, paths of NLOS have 
smooth amplitude fading and good delay expansion. 

[0026] The composition and function of the air interface transmitting/receiving antenna 
502, the transmitting/receiving unit B 507, and channel-processing unit B 511 are similar to 
those of an ordinary mobile station. 

[0027] Fig. 3 shows the method for increasing the accuracy for locating a mobile station. 

[0028] To increase the accuracy for locating a mobile station with an assistant locating 
apparatus, the following basic principles should be followed: 

1 ) Decrease the impact of the assistant apparatus to the capacity of the cell as much 

as possible; 

2) Ensure the observability of the synchronous relationship between the assistant 
locating apparatus and the base station; and 

3) Provide assistant information necessary for correcting NLOS error. 

[0029] According to the above principles, the method for increasing the accuracy for 
locating cellular mobile station in an urban area comprises the following steps: 
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1) determine whether there is any synchronous measurement request; if yes, 
initiate the synchronous measuring management for the assistant locating apparatus (including 
open and close transmission of RTD measuring pilot frequency); otherwise go to the next step; 

2) determine whether there is any locating request; if yes, determine the 
approximate location of the mobile station to be located with the time of arrival, TDOA, and 
sector information of the base station; otherwise repeat said steps; 

3) determine whether to open/close the transmission of locating pilot frequency 
from an adjacent assistant locating apparatus according to the approximate location of the 
mobile station; 

4) if the assistant locating pilot frequency is opened, measure the TDOA again, 
and then determine whether the measurement for the mobile station to be located is finished; if 
yes, the transmission of locating pilot frequency from the assistant locating apparatus is closed; 
otherwise repeat the determination; 

5) search for and process multi-paths and identify NLOS paths according to the 
channel codes of the mobile station to be located, and request the assistant locating apparatus to 
report NLOS path identification result; and 

6) estimate location of the mobile station with the measurement of assistant pilot 
frequency signals and NLOS path identification result to obtain more accurate location of the 
mobile station. 

[0030] The accuracy for locating a mobile station is increased by jointly using the base 
station controller and the assistant locating apparatus according to the present invention. The 
method comprises the managing part shown in Fig. 3 and the function-executing part shown in 
Fig. 4. 

[0031] The managing part implemented in the base station controller comprises 3 basic 
functions: 1) RTD measuring management; 2) assistant locating pilot frequency transmission 
management; and 3) NLOS identification management. 
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[0032] A flowchart of the management method is shown in Fig. 3. The steps related with 
RTD measurement of the assistant apparatus comprises step 301 and 302 shown in Fig. 3. The 
assistant locating pilot frequency transmission management comprises steps 303 to 307 shown 
in Fig. 3. The modules related with NLOS identification management comprises steps 305 and 
308 and estimation of location of mobile station 309 shown in Fig. 3. 

[0033] At step 401, the control information from the base station controller is read. After 
step 401, the basic functions of the assistant locating apparatus are executed, as shown in 
Fig. 4, and comprise 3 basic steps corresponding to the managing part: 1) open/close of RTD 
measuring pilot frequency, which is implemented in step 402 and 403 shown in Fig. 4; 2) 
open/close of assistant pilot frequency, which is implemented in step 407 and 408 shown in 
Fig. 4; and 3) identification of NLOS, which comprises steps 404, 405, and 406. 

[0034] To ensure that the assistant locating pilot frequency is in the transmission state 
during the measurement of the mobile station, the assistant pilot frequency shall be transmitted 
one Tp ahead before the IPDL arrives and hold for one Td after IPDL. The corresponding 
relationship between the transmission duration of assistant locating pilot frequency 601 and the 
duration of IPDL 604 is shown in Fig. 6. The values of Tp and Td depend on network 
synchronization capability and the installation location of the assistant locating apparatus. If it 
is easy to control network synchronization, lower values may be selected for them. Otherwise 
larger values should be selected. 602 is the OFF State Duration of assistant locating pilot 
frequency from the assistant locating apparatus. 603 is the OFF State Duration of pilot 
frequency from the base station. 

[0035] When there is no locating request for the mobile station, the assistant locating pilot 
frequency is in a virtual transmission state, i.e., though the channel unit it generates assistant 
locating pilot frequency continuously. The pilot frequency is not sent to the transmitting unit. 
Instead, only when a RTD measurement request or mobile station locating request is received, 
the pilot frequency is sent to the corresponding transmitting unit. That approach not only 
ensures the validity of RTD measurement, but also reduces the impact of transmission of 
assistant locating pilot frequency and RTD measuring pilot frequency to the cell. 
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INDUSTRIAL APPLICABILITY 

[0036] With the above technical solution, the accuracy for locating a mobile station in an 
urban area may be increased to be similar to that in a suburb area by adding the assistant 
locating apparatus from the viewpoint of altering the electric wave transmission environment. 
In addition, NLOS identification technology may be used in the assistant locating apparatus to 
increase the accuracy for locating a mobile station in an urban area by correcting NLOS. The 
assistant locating apparatus works in an intermittent transmission mode, which reduces the 
impact of transmission of pilot frequency to the capacity of the cell. The assistant locating pilot 
frequency transmission channel and the RTD measuring pilot frequency transmission channel 
employ symmetric structure (including symmetry in the circuit structure and similarity in the 
feed line for antenna) and independent dual-antenna structure, ensuring the accuracy of RTD 
measurement and flexibility of system deployment. The combination of omni-directional 
antenna used for the assistant locating pilot frequency transmission channel and directional 
antenna used for the RTD measuring pilot frequency transmission channel not only ensures a 
large coverage of assistant locating pilot frequency, but also reduces the interference to normal 
communication during RTD measurement. The invention is applicable for the IPDL locating 
mode required for 3G mobile communications. Compared to US5926133, the amount of 
assistant locating apparatus required in the invention to cover the same urban area is far less, 
thus the invention may help to decrease production costs of the system. 



Page 11 of 18 



